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to be 1·50A with C-O =1'201A, C-H =1'07AA /'\
CCH =124°6'a.ndCCO=123°2'.
In 3-hydroxypyridine,the ring 'Wasassumedto
be unsymmetrical'WithbonddistancesC-C = 1-36
A and 1·44-A alternatelyand C-N = 1·355A.
The C-O bondconnectingthehydroxygroupwas
assumedto be 1·379A with,O-H =0,944A, C&rA=105·04°and CCO= 123°2'.
The theoreticalrigid lattice value of proton
secondmomentwascalculatedfromtheexpression
basedon Van-Vleck'stheory3for polycrystalline
samples.The proton secondmomentconsistsof
two parts- the intramolecUlarcontribution 51
and intermolecularcontribution52'· .
Using Beardenand Watts4 values,the simplified
equatio~to computeSl (gauss2)can be written
as:
m-Nitrobenz-
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3-Hydroxy-
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T e protonmagneticresonancestudiesof solid
an aquinone,m-nitrobenzaldehydeand 3-hydroxy-
pyri inehavebeenmadeto confirmtherigidityofthe
cry. al latticeandmolecularmotions(if present)at
roo temperature.Thelatticesofanthraquinoneand
3-h roxypyridineare rigid at room temperature
(]].]) while80memoleculardeformationis observed
in -nitrobenzaldehyde.
r
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res. ctively. This can be shown by expanding ------------------
therepulsivetermof potential(2)in powerseriesas TABLE 1- THEORETICAL AND EXPERIMENTAL PROTONSECOND MOIviENTS OF THE COMPOUNDS
Ptiog(1+t) =Pp - p_p2 +P_p3 _ p_p4 +
r4 r4 2r8 3r12 4r16
. e right .handsideis equivalentoC1 C2 Ca C44-8+12-16+ .r r r r .
AnthraqUlnone
wh eC1, C2, C3 andC4 areconstants. Thephysical
me nings of thesetermsare the van der Waals
di Ie-dipole, dipole-quadrupoleI etc., interaction
te . This potential(2) probablyincludessome
of heseinteractiontermsgiving betteragreement
in mparisonto (3)and(4). Thepotentials(3and
4) 0 not includosuchinteractiontermswhichare
im rtant in consideringthe energiesof alkali
hy ide molecule(XH) which dissociatesto yield
X+ nd H-.
715'9~ -6 251= --N·~·~YJIe gaussJ<k
The calculationsof 52 were made applying the
methodadoptedby Andrewand Eades6•
Theexperimentalprotonsecondmomentat room
tempemture(22'2°) were determinedfrom the
derivativetracesusingtmpeziumrule.
The theoreticaland experimentalresultsfor the
title compound,:;aregivenin Table 1.
The experimentalvalue of secondmomentfor
anthraquinone(11'91±l'OG2)agreeswell with the
theoreticalvalue(9·83G2). Henceit canbeinferred
T!.E PMR studyof thetitle compoundshasbeen that the latticeof anthraquinoneis effectivelyrigid. adetogaininformationconcerningthe struc- at roomtemperature.tureandmotionof thesemol culesin thesolid tate. Lonsdaleetal.7h vemeasuredthermal oefficients
.estructureof anthraquinonewas refinedby for anthraquinoneat five differenttemperatures.
Mury1 by three-dimensionalFouriermethods,using It wasshownthat theoxygenatompossessa.large
for factors obtainedby an empiricalmethod2• independentout-of-planeliberation. There is no
The. crystal which belongsto the spacegroup sign of anyaccompanyingout-of-planeliberationof
P,21 a(3 = 2), is monoclinic,short needleshaped, the outercarbonatoms.
the needlelength being parallel to the b-axis: The large discrepancyin the experimentaland
a =15'810+0·015A; b = 3'942+0·005A; c =7,885 theoreticalresultin thecaseofm-nitrobenzaldehyde
±O· 0 A and (3=102°43'±2'. may be attributed to the molecularmotion or
In theabsenceof any precisedataregardingthe crystaldeformationin thesolidm-nitrobenzaldehyde.
molcular structure of m-njtrobenzaldehydeand The good agreementbetween the theoretically
3-h roxypyridine,the modelsof the compounds estimated(9'35G2)and experimentallyobserved
madeassumingthe standardvaluesof the (1O'72±l'OG2) proton secondmomentvaluesfor
distancesand angles. 3-hydroxypyridineindicatesthat the latticeof this
m-nitrobenzaldehyde,the ring was assumed compoundis essentiallyrigid and no molecular
e uns~metrica1 with the bond distances motionexistsat roomtemperature.
=1·36A and 1·44A alternately. The C-C Thanksare due to Prof. R. Vijayaraghavanof
connectingthe aldehydegroupwas assumeL.rIFR, Bombay,forproyicling.~xperimentalfacilities
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andto Dr B. G. Gokhaleforhisvaluablehelp. One
of theauthors(V.M.)is thankfulto theCSIR, New
Delhi, for the awardof a fellowship.
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Adsorptionisothermsof carbondioxide(273°K)at
lowpressuresupto about200torr ona varietyofad-
sorbentcarbonsarereported.Theslopeofthelinear
Dubininplotgivesa measureof theadsorbate-adsor-
bentinteractionwhiletheinterceptgivesameasureof
microporosityoreffectivesurfaceareaoftheadsorbent.
Thevaluesarein fair agreementwiththoseobtained
fromBET techniquebasedonlowtemperature(78°K)
adsorptionof nitrogen.The degassingof charcoalat
600°causesa considerablerise whilethatof carbon
blackscausesa slightfall in microporosity.Thede-
gassin~ofeachat1000°causesa fall in microporosity,
moresoin charcoalthanin carbonblacks.
SEVER,AL investigationson the adsorptionofcarbon dioxide by microcrystallinecarbonsl-7
at temperaturesaround273°K and comparatively
low pressuresup to 200 torr have beenreported
anddatahavebeenusedfor estimatingmicroporo-
sity or conventionalsurface area by applying
Dubinin equations.The widelyusedBET method
hasbeencriticizedandhasbeenshownto provide
a measureof total internalvolumein micro-and
transitionalporesand not of microporosity9.It
was thought of interest to study adsorptionof
carbondioxideat 273°Kandpressuresapproaching
200torr on a seriesof adsorbentcarbonsin order
to checkthe applicabilityof Dubininequationand
to comparespedfk surfaceareavaluesobtainedby
this techniquewith thoseobtainedby the conven-
tional BET technique. It may alsobe of interest
to knowthe effectof degassingon surfaceareasof
thesematerials.
Charcoal,preparedby the carbonizationof cane
sugar10,a few samplesof carbonblacks including
Graphon(ahighly graphitizedmaterialreceivedas
gift from CabotCorporation,USA) and five com-
merciallv availableactivatedcarbonswere used.
Adsorptionof carbondioxidewasstudiedvolumetri-
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Punjab Agricultural University, Ludhiana.
cally u<;inga self-fabricatedequipmentafter the
well knownBET apparatus. Carbon(0'2g oven-
dried at 120°)was taken for each experiment.
The pressurerangestudied varied from .-2 to
-..200torr. Equilibriumwasattainedwithin 1 hr
at eachpressure.The saturationpressure(Ps) of
carbondioxide(purity 99'8%)at 273°Kwastaken
as 34,4atmospheres.
In accordancewith Dubinin equation(1)
log V =log Vo-D (logPs/P)2 •.. (1)
(whereV is volume·of carbondioxideadsorbedat
equilibriumpressurep, Vo is microporecapacity,
Ps =saturationpressureof the gasand D =2·303
kR2T2/~z where~ is the affinity coefficientof the
adsorbateandk isaconstant).Theplotsof(logP./P)I
againstlog V for a numberof carbonblacksand
sugar charcoalswere linear. The slope of the
linearplot givesthevalueof D whilethe intercept
at (logPs/P)Z =0 providesthe valueof Yo' taken
as a measureof microporosity,or as a measureof
effectivesurfacearea6• Taking 17Az as molecular
areaof carbondioxideat 273°K(ref.7), microporo-
sity can be convertedinto conventionalsurface
areawhichis accessibleto CO2 moleculesthrough
pore entrancesof width >4'2 A which is mole-
cularthicknessof COz. SinceD is inverselypropor-
tional to ~z, a higher value of D, evidently,
indicatessmalleradsorbate-adsorbentaffinity. It
appears,therefore,thattheadsorbatehas a greater
attractiveinterac1ionwith the first9 carbonblacks
thanwith theactivatedcarbors. This is in confor-
mity with the observationsof LamondandMarsh'
whofoundthevalueof D to rise,and therefore,the
affinityto fall, on activatingpolyfurfurylalcohol
carbonto increasingburn offs. Walker et al.'1,l1
abo foundthe valueof D to be higherin activat-
edcarbonsthanin carbonmolecularsievematerials.
In activated carbons,the pores are relatively
widerandhencethe numberof porewallsper g is
smaller. The adsorbateinteractionis, therefore,
relativelysmaller. The valuesof D in the caseof
Graphon,Kosmos40 and Philblack A, which are
essentiallynon-porous,areappreciablyhigher. The
adsorbateinteractionis very low due to virtual
absenceof porewalls.
The specificsurfaceareavaluesas obtainedby
the conventionalBET techniquebased On low
temperature(78°K)adsorptionof nitrogenare also
includedin Table 1 for the sake of comparison.
Consideringthe differencesof approachin the two
methodstheagreementin thevaluesobtainedmay
be takenas fairly satisfactory. In any case,the
objection to the use of conventional BET
techniqueon the groundof condensationof nitro-
genin porestdoesnot appearto be valid as the
valueof surfaceareaobtainedby this technique
then would have been much higher. However,
there are distinct advantagesin using carbon
dioxidesinceit is a readily availableand 273°K
is thetemperaturewhichcaneasilybe,maintained.
The effectof degassingsugarcharcoalandsome
of the carbonblackson their surfacearea,about
which very little informationis availablein the
literature,is shownin Table 2. It is seen,in 1'he
first instance,that degassingof sugarcharcoalat
